Measles, mumps, rubella (MMR) and varicella zoster virus (VZV) infection can cause serious diseases and complications in the HIV-positive population. Due to successful vaccination programmes measles, mumps and congenital rubella syndrome has become neglected in Germany. However, recent outbreaks of measles have occurred from import-associated cases. In this cross-sectional study the serostatus for MMR and VZV in 2013 HIV-positive adults from three different university outpatient clinics in Bonn (n = 544), Cologne (n = 995) and Munich (n = 474) was analysed. Sera were tested for MMR-and VZV-specific immunglobulin G antibodies using commercial immunoassays. Seronegativity was found in 3% for measles, 26% for mumps, 11% for rubella and 2% for VZV. Regarding MMR, 35% of patients lacked seropositivity against at least one infectious agent. In multivariable analysis younger age was strongly associated with seronegativity against all four viruses, measles, mumps, rubella (P < 0·001, P < 0·001 and P = 0·001, respectively) and VZV (P = 0·001). In conclusion, there is high need for MMR and VZV vaccination in people living with HIV in Germany born in 1970 or later. Thus, systematic MMR and VZV antibody screening and vaccination should be implemented in the HIV-positive population to prevent serious disease and complications of vaccine-preventable diseases.
INTRODUCTION
People living with HIV are more likely to develop serious disease from common vaccine-preventable infections [1] . There has been great concern regarding the safety and efficacy of live-attenuated vaccines in HIV-positive persons. However, studies have shown the safety of live-attenuated vaccines against measles, mumps, rubella (MMR) and varicella zoster virus (VZV) in children [2, 3] and adults [4] [5] [6] living with HIV.
Life expectancy and quality of life have markedly increased in HIV-positive individuals since the introduction of antiretroviral therapy (ART) [7] . Thus, the likelihood of HIV-positive individuals being in contact with vaccine-preventable infections in occupational, social and travel exposures has increased substantially. At the same time, studies from other countries have demonstrated low frequency of seropositivity against MMR or VZV in HIV-positive patients, especially in young adults [1, [8] [9] [10] [11] [12] [13] . The guidelines from the European AIDS Clinical Society (EACS) therefore recommend a proactive approach towards screening and vaccination in HIV-positive individuals [14] .
While varicella vaccination was recommended for children aged < 24 months in 2004 [15] , the history of MMR vaccination goes back further and differed between former East and West Germany, until in 1991 the MMR combination vaccine was introduced in the reunified Germany. In the former East Germany, measles vaccination was introduced 1970, while mumps and rubella vaccination were not recommended. In the former West Germany, measles vaccination was introduced 1973, followed by measles-mumps vaccination in 1976 and MMR vaccination 1980 [16, 17] .
In the absence of a German national registry, standardized data on vaccination coverage for MMR is only obtained at the age of school entry, with rates being consistently >90% since 2005 [18, 19] . However, the aim of the European World Health Organization (WHO) region to eradicate measles and rubella in Europe by 2015 by achieving an overall vaccination coverage of 595% has not been achieved [20] [21] [22] . Introduction of MMR and VZV vaccination into routine childhood immunization programmes has caused a shift of susceptibility, incidence and disease burden towards young adults not having received MMR and VZV vaccination in childhood nor having obtained natural immunity through infection in Germany and other European countries [19, 23] .
To the best of our knowledge, data regarding the status of seropositivity for these vaccine-preventable diseases are missing in the population living with HIV in Germany. In our cross-sectional study, we therefore aimed to determine the proportion of HIV-positive adults accessing routine HIV care in Germany who lack seropositivity against MMR and VZV. Furthermore, we attempted to identify demographic, sociological and HIV-related risk factors associated with lack of seroprotection.
METHODS

Study population
This study was designed as a cross-sectional multi-centre study. The study was performed at two partner sites of the German Center for Infection Research (DZIF), partner site Bonn-Cologne and partner site Munich. This involved outpatient clinics of three different German university hospitals in Bonn, Cologne, and Klinikum der Universität, LMU, Munich, all treating the full spectrum of HIV infection and associated diseases [24] . Between February 2014 and January 2015 all patients from the outpatient clinics of these three university hospitals were analysed during routine check-up.
Sociodemographic anti-rubella IgG in serum samples from Cologne, which was determined with the Architect Rubella IgG Assay (Abbott, Germany). According to the manufacturers' instructions measles IgG negativity was defined <150 IU/l, equivocal results as 5150 to <300 IU/l and seropositivity as 5300 IU/l. Mumps IgG negativity was defined as <230 EU/ml, equivocal results as 5230 to <460 EU/ml and seropositivity as 5460 EU/l. Rubella IgG negativity was defined <4 IU/l (Architect assay <5 IU/ml), equivocal results as 54 to <8 IU/l (Architect assay 55 to <10) and seropositivity as 58 IU/l (Architect assay 510 IU/ml). Varicella IgG negativity was defined <50 IU/l, equivocal results as 550 to <100 IU/l and seropositivity as 5100 IU/l. For analysis with dichotomous variables a stringent definition of seropositivity was used and equivocal IgG findings were considered seronegative.
Statistical analysis
Statistical analyses were completed by using SPSS Statistics software v. 23.0 (IBM Corp., USA). For the assessment of normality, Shapiro-Wilk and Kolmogorov-Smirnov tests were conducted. Normally and not-normally distributed data were analysed by parametric and non-parametric tests, respectively. Characteristics of the patient population were compared by calculation of frequencies, means, and medians. Bivariate analysis using cross-tables and χ 2 test
with a significance level of 95% were applied in order to compare characteristics of patients with presence of IgG antibodies against MMR and VZV and those with absence of these antibodies As measles and MMR vaccination were introduced 1970 and 1980, respectively, the distribution pattern of seropositivity was analysed according to year of birth. All variables were tested for multi-collinearity problems by using correlation matrices (correlation coefficient <0·8) and variance inflation factors (VIF <10) [25] . Binary logistic regression models were used to examine the main effects between variables of interest and the dependent variables' serostatus (negative/ equivocal vs. positive) of MMR and VZV. Odds ratio and 95% confidence intervals are reported to show the direction and strength of the association (Table 3) .
Ethical statement
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RESULTS
Study population
Of the HIV-positive adults attending the HIV outpatient clinics for routine care during the study period, 2013 patients had serum samples taken. There were 544 patients from Bonn, 995 from Cologne, and 474 from Munich (see Table 1 ).
The majority of these patients were Caucasian (79%), male (77%), and born in Germany (67% The overall distribution of antibodies to MMR and VZV is shown in Table 2 . Seropositivity for measles was detected in 92%, for mumps in 74%, for rubella in 90% and for VZV in 97% of patients.
Of the 10% of patients having equivocal values or negative rubella-specific IgG antibodies, 29 were women of childbearing age. Therefore, in this cohort 9% of women of childbearing age were in need of rubella vaccination with 23/29 (79%) women having sufficient CD4 + T cell counts for vaccination (CD4 + 5200/µl). In Germany, vaccination against MMR is currently only available as a combination vaccine against all three viruses. Thus, we further looked at the distribution pattern of seropositivity against MMR, which was available for 1903 (95%) of the 2013 patients (Fig. 1) . The most frequent pattern was the concomitant prevalence of all three IgG antibody types (measles, mumps, rubella) found in 65% (1231/1903), while the second most frequent pattern was the prevalence of measles-and rubella-specific antibodies in the absence of mumps antibodies in 19% (360/1903). Regarding the combination vaccine MMR, 35% (672/1903) of patients had an indication for vaccination against at least one entity, 93% of these patients having a CD4 + T cell count 5200/μl, thereby qualifying for vaccination. Fig. 2 ). Furthermore, seropositivity for measles was lower in patients with a shorter duration of HIV infection (mean 8 years in negative vs. 10 years in positive, P = 0·007), replicating HIV viral load (3% measles IgG negative with HIV-RNA <40 copies/ml vs. 5% measles IgG negative with HIV-RNA 540 copies/ml, P = 0·03). In addition an association of measles serostatus and CDC stage was found (4% measles IgG negative in CDC A, 0% in CDC B and 3% in CDC C, P = 0·017). For mumps seropositivity was lower in patients born in Germany (15% mumps IgG negative born in Germany vs. 9% mumps IgG negative born outside Germany, P = 0·002) and in MSM (15% mumps IgG negative in MSM vs. 10% mumps IgG negative in non-MSM, P = 0·001). Seropositivity for rubella was lower in patients with baseline CD4 + <200/μl (13% rubella IgG negative with CD4 + <200/μl vs. 
OR, Odds ratio; CI, confidence interval; MSM, men who have sex with men; CDC, US Centers for Disease Control and Prevention; ART, antiretroviral therapy. * Equivocals are grouped with the seronegatives. The reference category is positive. ** These variables were deleted during backward elimination.
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7% rubella IgG negative with CD4 + 5200/μl, P = 0·02). Finally, seropositivity for varicella was lower in male patients (2% varicella IgG negative in females vs. 3·6% varicella IgG negative in males, P = 0·026) and an association was found with CDC stage (3% varicella IgG negative CDC A, 2% in CDC B and 1% CDC C, P = 0·04).
We furthermore calculated a binary logistic regression model for MMR and VZV serostatus identifying and comparing factors predicting seronegativity/ equivocal. Variables showing association (P 4 0·25) with serostatus of at least one of the four viruses were offered to the model.
Our final model included the clinically defined risk factors country of birth, duration of HIV infection, CDC stage, nadir CD4 + cell count, baseline CD4 + cell count, HIV RNA, ART status, age and gender. For all four viruses, age was a significant factor of seronegativity/equivocal. None of the models was able to properly predict seronegativity, with pseudo-R 2 values ranging from 0·059 to 0·163 (Table 3) .
These results were very robust towards sensitivity analysis, including backward and forward elimination for selection of variables. This model revealed some significant associations for country of birth (mumps and rubella), duration of HIV infection (mumps and VZV), HIV acquisition (mumps), CDC stage (measles), CD4 baseline (mumps) and HIV RNA (VZV) (for detailed overview see Table 3 ).
DISCUSSION
In our cross-sectional study of adults living with HIV in Germany and accessing routine care, we found as many as 35% of patients susceptible to at least one infection preventable by MMR vaccination and 2% of patients susceptible to VZV. Our analysis revealed an overall low frequency of measles seronegativity (3·2%) in the 1937 adult HIVpositive patients screened for measles antibodies. This result is consistent with studies performed in other European countries, such as France (4·6%) [10] , Austria (8%) [12] , UK (7%) [1] and Spain (5%) [13] . However, we found a strong independent association between measles serostatus and age. While the frequency of measles seronegativity was lowest (0%) in patients born between 1930 and 1940, it continuously increased through decades of birth, reaching as high as 26% between 1990 and 1995. This observation probably relates to emerging vaccination programmes disrupting transmission of natural infection, thus increasing frequency of seronegative patients in the group of non-vaccinated patients and vaccination non-responders. In HIV patients born outside Germany, the frequency of measles seronegativity did not differ from that of patients born in Germany, which is in line with results from studies performed in France [10] and Spain [13] .
Measles has seen a marked resurgence during recent years in Germany, with the latest outbreak in Berlin affecting >1000 individuals between October 2014 and May 2015 [26] . In agreement with our data on lack of seropositivity to measles especially in individuals born between 1970 and 1995, around one third of persons with measles infection in the recent outbreak were aged 20-40 years [26] .
In our study, 26% and 11% of HIV-positive adults were susceptible to mumps and rubella virus infection, respectively. There is no evidence suggesting a more severe course of mumps or rubella in HIV-positive individuals. However, especially in women of childbearing age, we found 9% had no seropositivity against rubella, thus risking severe complications of rubella infection in case of pregnancy. In our study, 79% of these had CD4 + T cell counts 5200/μl and were potentially eligible for vaccination. We found <3% of HIV-positive adults negative for VZV-specific IgG antibodies, which again was associated with decade of birth. Given HIV-positive patients are at increased risk of complications and severe courses of VZV infection, HIV patients lacking VZV seropositivity should be evaluated for varicella vaccination.
Recently, an epidemiological report on the seroprevalence of MMR antibodies in children and adolescents aged between 1 and 17 years living in Germany described an increase of seronegativity by years since last vaccination, indicating a significant antibody waning effect for all three components of the MMR vaccine [16] . This is supported by a study investigating the seropositivity for MMR and VZV in 223 medical students with a median age of 23·4 years in Germany [27] . Seropositivity was detected in 91·5% for measles, 80·3% for mumps, 90·1% for rubella and 96·9% for varicella, demonstrating a high need for immunization in this age group. HIV status seems to play a minor role in the significant gap of seropositivity found in young adults. This may be explained by the fact, that immunity gained by natural infection and vaccination-acquired immunity are developed long before HIV infection occurs. HIV infection does not seem to significantly alter MMR and varicella zoster seropositivity acquired before HIV infection.
There are limitations to this study. The vaccination history was not evaluated as records of vaccination history are incomplete. Thus, we are unable to make conclusions concerning vaccination history and current seropositivity of MMR-and VZV-specific antibodies. Time of immigration into Germany has not been recorded, possibly influencing seropositivity for MMR and VZV in patients born outside Germany. Furthermore, no direct conclusion can be made on immunity against these viruses, as we restricted our study to measuring serum IgG levels in ELISAs.
The guidelines from the EACS [14] recommend screening for antibodies against vaccine-preventable diseases, such as MMR and VZV, at initial and subsequent visits of HIV-positive persons. Vaccination of those that are seronegative is recommended if the CD4 + T cell count is 5200 cells/μl. It is unclear how strictly these recommendations are followed by HIV physicians across the European region. Our data support that screening and subsequent vaccination must be implemented more widely in Germany especially in HIV-positive individuals born in 1970 or later.
In conclusion, we found 35% of HIV-positive individuals in need of MMR vaccination and 2% in need of varicella vaccination. While HIV-related factors seem to play a minor role, being born in 1970 or later is associated with risk of seronegativity for MMR and VZV, all four being vaccine-preventable diseases. Considering the recent measles outbreak in Berlin, our study provides useful data on the importance of consequently implementing routine serological screening for vaccine-preventable diseases in the HIVpositive population. Vaccination remains the cornerstone of disease prevention.
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